F 1 C fimbriae allow uropathogenic Escherichia coli to adhere to specific epithelial surfaces. This adhesive property is probably due to the presence of minor fimbrial components in F1C fimbriae. The foe gene cluster encoding F1C fimbriae has been cloned, as described previously. Here we present the nucleotide sequence (2081 bp) coding for the F 1 C minor fimbria I subunits. The structural genes code for polypeptides of 175 (FocF), 166 (FocG), and 300 (FocH) amino acids.
INTRODUCTION
Virulence of uropathogenic Escherichia coli strains has been related to their ability to adhere to uroepithelial cells. Adherence is mediated by adhesive proteins (minor subunits) that are often located at the tip of fimbriae (Klemm, 1985) . In uropathogenic E. coli, various fimbrial adhesins Submitted January 12, 1991 , accepted March 15, 1991 (e.g. type 1, P, S, and FIC) are found that are distinguished by their receptor specificities (Orskov and Orskov, 1983; Klemm, 1985; Hacker, 1989) . It has been shown that FIC fimbriae contribute to the adhesive properties of uropathogenic E. coli. Virkola et al. (1988) showed that FIC fimbriae mediate adherence to the collecting ducts and the distal tubules of the human kidney. Recently, Marre et al. (1990) showed the adherence of FIC fimbriae to cultured renal tubulus cells.
The gene cluster encoding Fl C fimbriae has been cloned and analysed in detail (Van Die et al., 1985; Riegman et al., 1990) . Genetically, FIC fimbriae have been shown to be very closely related to S fimbriae (Ott et al., 1987 (Ott et al., , 1988 Riegman et al., 1990) . In both gene clusters, the distal part encodes minor fimbrial sub units (Hacker, 1989; Schmoll et al., 1989; Riegman et al., 1990) . It is expected that (one of) the minor sub units will confer the adhesive properties to the FIC fimbriae, as has been been shown for other fimbrial types (Lindberg et al., 1986; Klemm and Christiansen, 1987; Morschhiiuser et al., 1990) . For the S fimbriae, the 15-kDa protein SfaS has been determined as the component that binds to carbohydrate chains terminating with sialyl-(X;2-+3Gal-~I-+R (Parkinen et al., 1986; Moch et al., 1987; Morschhiiuser et al., 1990) .
In this paper, we present the nucleotide sequence of the region coding for minor fimbrial components of the Fl C fimbriae. This sequence is compared with the published nucleotide sequence of the corresponding region of the S-fimbrial gene cluster.
MATERIALS AND METHODS

Bacterial strains and phages
The E. coli K12 strain JM101 was used to propagate phages M13 mp8, mp9 and clones derived from these strains (Messing and Vieira, 1982) .
Recombinant DNA techniques
Restriction endonucleases and ligase (Pharmacia, Sweden) were used according to the manufacturers' specifications. Isolation of plasmid or phage RF DNA was carried out by the mini-lysate method, essentiallyas described by Holmes and Quigley (1981) . Isolation of single-stranded M13 DNA was performed essentially according to Heidecker et al. (1980) . Nucleotide sequencing was carried out by the chain termination method of Sanger et al. (1977) . With the aid of a T7-sequence kit (Pharmacia), recombinant M13 or plasmid DNA was sequenced according to the protocol supplied by the manufacturer. Primers used were the M13 primer supplied with the kit, or alternatively 18-mer oligodeoxynucleotides synthesized on a "Biosearch 8600" DNA synthesizer.
Transformation was carried out essentially as described by Mandel and Higa (1970) . RESULTS 
AND DISCUSSION
Nucleotide sequence of thejocF,jocG andjocH genes The approximate localization of the JocF, JoeO and JocH genes, encoding minor fimbrial subunits, in the FIC gene cluster has been described previously (Riegman et al., 1990) Riegman et al., 1990) ; the hatched boxes represent genes A-I, involved in the expression of FIC fimbriae; the black box represents pACYCI84 (Chang and Cohen, 1978) Numbering of the residues starts at the lefthand side of the DNA fragment sequenced (see fig. 1 ). Numbers refer to the nucleotide positions. Potential signal sequence cleavage sites are indicated by arrows.
Comparison of the Foe minor subunit proteins with minor proteins of other fimbriae
The amino acid sequences, deduced from the nucleotide sequences, of the FocF, FocG and FocH proteins were compared with the corresponding proteins of S (Sfa), type 1 (Fim), and P (Fst) fimbriae (Klemm and Christiansen, 1987; Lund et al., 1985; Schmoll et al., 1989) . The results ( fig. 3, table I) show that all three Foc proteins show a high degree of similarity to the corresponding Sfa proteins. Homology to the Fim and Fst minor fimbrial proteins is clearly lower.
FocF and SfaG are nearly identical, with only three amino acid substitutions (homology 98 010). Also, FocH and SfaH are very homologous (84 010). Interestingly, homology between FocG and SfaS appears to be much lower (59 %). SfaS represents the specific adhesin binding to sialic acid (Morschhauser et al., 1990) , whereas FIC fimbriae lack that specific adhesive property. The high degree of homology between the foe and sfa gene clusters was also found in previous studies (Ott et al., 1987 (Ott et al., , 1988 Riegman et al., 1990; Schmoll et al., in press ). It strongly suggests that tlu!se gene clusters represent a family of adhesin determinants, as was observed for the P /Prs and the type 1 fimbrial adhesins ; in the P /Prs and type 1 fimbrial systems, adhesive properties have been designated for the large 35-kDa minor sub units (Lindberg et al., 1986; Klemm and Christians en , 1987; Lund et al., 1988; Riegman et al., 1988) . Up until now, it has not been clear which of the Fl C sub units is responsible for the observed adhesive properties. It was found that HB101 cells carrying FIC fimbriae lacking the 32-kDa FocH subunit showed Table I . Percentage homology between the Foc minor proteins and the corresponding proteins of S (Sfa) , type 1 (Fim) and P (Fst) fimbriae (Schmoll et al., 1989; Klemm and Christiansen, 1987; Lund et al., 1985) . Marre et al. (1990) showed that the inhibition profiles of S and FIe fimbriae, although different in the sialic acid-binding property, resemble each other quite well. In addition, it was shown that the SfaG sub unit contributes to binding of S fimbriae to renal tubulus cells. Based on this observation and the very high homology found between FocF and SfaG, the FocF protein most likely mediates the observed FIe adhesion to renal tubulus cells. It might be possible, however, that FocG (or FocH) is also involved in recognition of a still unknown receptor. P fimbriae (type F7 1 ) have been shown to possess several adhesins: the 35-kDa protein represents the P adhesin (Riegman et al., 1988) 
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